The 2007 Noto Hanto Earthquake occurred on March 25, 2007, in the Noto Peninsula, central Japan. A half day after the main shock, we started installing temporary seismic stations in order to determine the precise locations of its aftershocks. Ten universities and two research institutes deployed 88 temporary seismic stations in and around the source area. The observation lasted for about 2 months. We relocated 1318 aftershocks with arrival time corrections at each station. The relocated hypocenters show relatively small errors-less than 0.2 km in the horizontal direction and less than 0.4 km depth. Most of the relocated hypocenters are about 2.0 km shallower than those determined by JMA. The distribution of the aftershocks forms a southeast-dipping plane. The main shock is located at the bottom part of their distribution. The precise aftershock distribution extends into a shallower area than the original, and it coincides with sea floor-ward extension of the active faults previously known from a sonic reflection survey. Heterogeneous distribution of the aftershocks on the fault plane shows low seismicity just above the main shock hypocenter, and middle-size aftershocks are distributed on the periphery of the main shock. A precursory event (M 4.4) that occurred 0.6 s before the main rupture is located close to the M 2.2 foreshock that occurred 12 min before it.
Introduction
An earthquake with a local body wave magnitude (M jma 6.9, M w 7.1 by USGS) occurred in the Noto Peninsula, central Japan, at 0:41, March 25, 2007 (UT) (Fig. 1 ). This earthquake was named the 2007 Noto Hanto Earthquake by the Japan Meteorological Agency (JMA). A JMA earthquake intensity of 6 upper was recorded in Nanao, Wajima and Anamizu. GPS measurements indicate that in Togi there was a crustal movement of about 21 cm in the southwestward direction and 7 cm in the upward direction. The maximum height of the accompanied tsunami was about 0.2 m at Kanazawa and Suzu. The event caused the destruction of as many as 33700 dwellings and one fatality, and left 338 people injured.
The two largest aftershocks, with a magnitude M jma of 5.4, occurred at the northeast end of the aftershock region at 9:11 and on the southwest end at 22:16, on March 25, 2007 (UT) . Although the earthquake generated many fissures and landslides, there was no clear evidence that any known faults on land were responsible for this earthquake. Some offshore active faults were reported off the Noto Peninsula (Katagawa et al., 2005) , and they may be related to the present event. One of the main aims of this study is to clarify the relation between the offshore faults, the geological faults on lands, and the aftershock distribution.
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A focal mechanism of the main shock determined by broadband waveforms indicates a thrust-type fault with northwest-southeast compression, while that from the firstmotion data contains prominent right-lateral strike slip (NIED, 2007) . To understand the discrepancy, we carefully inspected the waveforms of the first part of the main shock to find a possible small amplitude forerunning arrival. The clarification of the relative location of the main shock hypocenter, that is to say, the initial point of the main rupture, the forerunning small rapture, and a foreshock which occurred 12 min before the main shock, in terms of the aftershock distribution, is another aim of the present study.
There are several seismic stations in and around the source region of the 2007 Noto Hanto Earthquake because Japan has one of the densest arrays of seismic stations in the world (Obara, 2002) . Nonetheless, an average spacing of approximately 15 km between permanent telemetry stations is insufficient to precisely locate events shallower than 15 km. Immediately after the main shock, we deployed a temporary seismic array in the epicenter region to obtain detailed aftershock distribution. The observations lasted for about 2 months. In the present study, we will show data from 70 seismographs; these data were recovered in the first month, although we finally installed 88 temporal stations in and around the source area for approximately 2 months. Analysis of the whole data set, including those from an ocean bottom observation (Yamada et al., 2008) , will appear later for integrated understanding of the aftershock activity. 
A Dense Seismic Network
We started deploying seismographs on the day the main shock occurred and within 3 days (by March 28, 2007), 63 stations had been installed (Sakai et al., 2007) . The number of stations increased to be 88 by April 18; the observations continued for about 1 month, including two telemetry stations and ocean bottom seismographic observations (Fig. 1) . Although several types of seismographs were installed, most stations were equipped with a battery-operated recorder that continuously recorded a 3-component geophones signal at the sampling rate of 100 or 200 Hz (e.g., Shinohara et al., 1997) .
Hypocenter Determination
We processed the continuously recorded field data according to the procedure used for the JMA unified seismic catalogue. P-and S-wave arrival times were manually picked on a computer display (Urabe and Tsukada, 1991) . We used a one-dimensional velocity model (Mikumo et al., 1988) for the located aftershocks with station corrections to take account of lateral changes in velocity (Table 1) . We estimated station corrections, following the approach of Sakai et al. (2005) . First, we estimated aftershock location, using a maximum-likelihood estimation algorithm (Hirata and Matsu'ura, 1987) and obtained residuals for the arrival times of P-and S-waves. We assumed that the ratio of Pwave velocity (V p ) to S-wave velocity (V s ) was 1.73. The average of the residuals was used as an initial value for the estimated station-correction for the calculated arrival time at each station. Next, we relocated the hypocenters with the estimated station corrections and calculated the travel time residuals for the relocated hypocenters. We relocated them again using new station-corrections calculated from the new residuals. This procedure was repeated five times to obtain average residuals of less than 0.01 s. Finally, we obtained relocated aftershocks and station-corrections from the 70 temporary stations and 12 permanent stations in and around the source area (Fig. 2) . We also relocated events that occurred before our temporary observation, including the main shock, the largest aftershocks, and a foreshock, by applying the station corrections already estimated in the above way. The station corrections reduced the root-mean-squares (rms) of the residuals in arrival times from 0.093 s to 0.038 s for P-wave arrivals and from 0.282 s to 0.086 s for S-wave arrivals. The masterevent method was then applied to relocate the main shock and the aftershocks that occurred before the temporary stations were deployed (Douglas, 1967) . We selected those aftershocks as master events that were the nearest to the target events. We checked several events around the targets in the arrival-time domain so that relative arrival times among stations are similar to those for the target event. The relocated hypocenters of the main shock, a foreshock, and a precursory event are listed in Table 2 . The other relocated events which occurred before the deployment of the temporary stations are shown in Fig. 3 (e) and 3(f).
Discussion
We relocated 1318 events with a magnitude larger than 1.8 listed in the JMA catalogue for the period from (Hirata and Matsu'ura, 1987) of less than 0.2 km in the horizontal direction and less than 0.4 km in depth. The accuracy of the hypocenter determination is shown by color in Fig. 2 . The relocated hypocenters in this study are approximately 2.0 km shallower than those given by the JMA catalogue. In contrast, there is no large difference in epicenters between the relocated and the JMA catalogue because lateral heterogeneity of the velocity structure is small compared to areas with large heterogeneity, such as that in the 2004 Mid-Niigata Prefecture Earthquake (Sakai et al., 2005) . Unlike the JMA catalogue, our hypocenters indicate some clusters. Some aftershocks are concentrated on the edge and the center of the aftershock distribution. There is a sparse distribution of aftershocks near the hypocenter of the main shock, that is, the nucleation point of the main shock rupture (e.g., . This sparse aftershock region roughly coincides with a large slip area obtained by the waveform analysis. The negative correlation between a large slip area of the main shock and a dense aftershock area has been reported for other large earthquakes in other studies with highly resolved aftershocks (e.g., Woessner et al., 2006) .
The aftershocks are distributed to form a downward convex shape, with the deepest location below the hypocenter of the main shock. This feature coincides with the distribution of the Mid-Niigata Prefecture Earthquake (Iio et al., 2006) . The two largest aftershocks occurred at the both ends of the distribution. The gap between the activity around the southwestern largest aftershock and the main aftershock distribution was gradually filled up over time, although the gap still remains at present beside the northeastern largest aftershock. Aftershocks around the main shock form a thin plane dipping southeast with a high-angle (60
• ) (Fig. 3 ). They were distributed in a depth range from 2 to 13 km and a lateral length of approximately 30 km. In the cross section seen from the southwest, there is a bending point of the distribution at a depth of approximately 9 km (Fig. 3(b) ). The hypocenter of the main shock, that is, the initial rupture point of the main shock, is located at the bending point. We conclude that the southeast-dipping plane represents the source fault plane of the main shock and that the rupture started at the deep end of this distribution, because the dip angle of the major distribution is consistent with a thrust fault mechanism obtained by waveform analysis.
Although no active faults on land have been reported on the shallower extension of the aftershock distribution, some geological faults (Fa and Fb in Fig. 3 ) have been reported (Hokuriku district engineering geological mapping committee, 1990). Furthermore, offshore active faults were documented by a sonic reflection survey (F14 and F15 of Katagawa et al., 2005) . We can see that the F14 fault is located exactly on the extension of the southeast-dipping distribution and that the strike of the F14 fault corresponds to that of the fault plane of the focal mechanism. This result strongly suggests that the offshore active faults are responsible for the present event although very shallow aftershocks did not occur, leaving no direct observations of the rupture on seafloor to confirm it. There is also a northwest-dipping distribution with a depth range from 2 to 4 km whose shallower extension coincides with the geological fault Fb. Note that the activity started right after the main shock occurrence (Fig. 3(e) ), indicating a rapid stress transfer which might reactivate shallow geological structures.
There is a vertical distribution just below the starting point of the main shock rupture in a depth range between , and P2 indicate the first arrival of the P-wave of the foreshock, the precursory event, and the main rupture of the main shock, respectively. S0, S1 and S2 indicate the first arrivals of the S-wave.
9 and 11 km and a lateral width of 2 km (Fig. 3(c) ). A small but clear initial phase of the main shock was observed 0.6 s before the main phase of the main shock at many stations (Fig. 4) . The newly determined distribution is important to our understanding of this initial phase. We picked arrival times and amplitudes at 16 stations to locate a hypocenter and estimate a magnitude of the precursory event: the event is estimated to have a magnitude of 4.4 and to be located about 1.2 km southwest of the starting point of the main rupture, as determined by the master event method. A focal mechanism of the precursory event has a strike slip component with one vertical nodal plane. We thus conclude that the focal mechanism with a prominent strike-slip component reported for the main shock by the first motion data corresponds to that of the initial phase (i.e., precursory rupture), and that the focal mechanism from the waveform data corresponds to the main rupture phase. If the vertical distribution below the main shock hypocenter corresponds to the precursory rupture, the fault size is about 2 × 3 km from the distribution. It is interesting to compare relative locations among the starting points of the main rupture (hypocenter of the main shock, M jma 6.9, M w 7.1), the precursory events (M 4.4), and the 12-min-before foreshock (M 2.2). We found that the foreshock is closer to the precursory event than the main shock hypocenter: the foreshock is located about 300 m west of and 500 m shallower than the precursory event while the hypocenter of the main shock is 1200 m northeast of and 400 m shallower than the precursory event (Table 2) . Though the focal mechanism of the foreshock failed to be estimated, it seems to be similar to that of the precursory. The proximity of the foreshock to the precursory event is important to understanding the triggering mechanism of the present events, and a further detailed studies will be necessary. The estimated station correction for P-times ranges from The boundary between the low-and high-velocity zones is located on the main shock fault zone estimated by the distribution of the aftershock. Tomographic analysis of the data obtained by the present observation also shows lateral change in velocity across the distribution of aftershocks (Kato et al., 2008, this issue) . The value of the stationcorrections are, however, smaller than those for the 2004 Mid-Niigata Prefecture Earthquake (Sakai et al., 2005) .
Conclusion
The 2007 Noto Hanto Earthquake occurred on March 25, 2007, in the Noto Peninsula, central Japan. A half day after the main shock, we started installing temporary seismic stations in order to determine the precise distribution of the aftershocks. Ten universities and two research institutes deployed 88 temporary seismic stations in and around the source area. We relocated 1318 aftershocks with arrival time corrections at each station. We selected 988 hypocenters with spatial standard errors of less than 0.2 km in the horizontal direction and less than 0.4 km in depth. We found that the relocated hypocenters are about 2.0 km shallower than those determined by JMA. The distribution of aftershocks forms a sharp southeast-dipping plane. The main shock is located at a deep part of the distribution of aftershocks. The precise aftershock distribution indicates that the shallower extension of the source area coincides with the extension of active faults towards sea floor previously known from a sonic reflection survey. The heterogeneous distribution of the aftershocks on the fault shows low seis-micity just above the main shock hypocenter. Middle-size aftershocks are distributed on the periphery of the source area of the main shock. A precursory event (M 4.4) that had occurred 0.6 s before the main shock is located close to the M 2.2 foreshock that had occurred 12 min before the main shock.
